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ABSTRACT 
 
This project presents on an experimental study of flat plates with eccentric hole that 
always can be found in the nuclear reactor or other mechanical components. The flat 
plates with an eccentric hole was prepared and dynamic properties will be investigated 
using experimental modal analysis and validation by finite element analysis (FEA). The 
modal testing experiment will be done in the lab scale and data acquisition system 
(DAQ) will be used to interpret data collected from modal into the computer and 
generate frequency response function (FRF). This FRF consists natural frequency, 
damping coefficient and mode to determine dynamic characteristics of the flat plates 
with eccentric hole. It was observed that, from both result, an eccentric hole on flat 
plates affected the dynamic properties compare to flat plate without hole. This 
experimental and finite element analysis produced five different mode and natural 
frequencies that contributed to the prediction dynamic properties of the flat plate with 
eccentric hole. This result offers significant values on structure or component analysis 
of the nuclear reactor component and mechanical components. 
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ABSTRAK 
 
Projek ini membentangkan kajian eksperimen plat rata dengan lubang di tengah yang 
sentiasa boleh ditemui di dalam reaktor nuklear atau lain-lain komponen mekanikal. 
Plat rata dengan lubang telah disediakan dan sifat dinamik akan disiasat menggunakan 
analisis ragaman eksperimen dan disahkan dengan menggunakan analisis unsur 
terhingga (FEA). Eksperimen ujian mod akan dilakukan di dalam makmal dan sistem 
perolehan data (DAQ) akan digunakan untuk mentafsir data yang dikumpul dari mod ke 
dalam komputer dan menjana kekerapan fungsi tindak balas (FRF). FRF ini terdiri 
frekuensi semulajadi, redaman  pekali dan mod untuk menentukan sifat dinamik plat 
rata dengan lubang di tengah. Berdasar kedua-dua keputusan, di perhatikan bahawa plat 
rata dengan lubang di tengah turut memberi kesan ke atas sifat-sifat dinamik jika 
dibandingkan dengan plat rata tanpa lubang. Eksperimen dan analisis unsur terhingga 
ini menghasilkan lima mod yang berbeza dan frekuensi semulajadi yang menyumbang 
kepada sifat-sifat ramalan dinamik plat rata dengan lubang di tengah. Hasil ini 
menawarkan nilai yang ketara kepada analisis struktur atau komponen komponen 
reaktor nuklear dan komponen mekanikal. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 PROJECT BACKGROUND  
 
Today, nuclear reactors generate nearly one quarter of the electricity in nations 
representing two thirds of humanity, and other nuclear applications are integral to many 
aspects of the world economy. While there are currently designs of power plant 
available that can provide power at a competitive cost and in great safety, there are 
many areas of these designs where significant improvements in efficiencies, and hence 
cost of power, could be made through the development and application of modern 
materials. The fuel rods in a nuclear reactor, whether they are cylindrical or flat plates, 
are designed with two purposes. The first is to seal in the nuclear fuel. The other 
function is to set up the geometry of a reactor.  
 
This kind of plate may have holes in it to provide the smooth passage of flow 
and the holes are sometimes located eccentrically. The existence of a hole in a plate 
results in a significant change in the natural frequencies and mode shapes of the 
structure. Dynamic properties of a plate with eccentric hole will be significantly 
different from that of a plate without a hole. In this project, dynamic properties of flat 
plate with an eccentric hole will be investigated using experimental modal analysis and 
validation of finite element analysis (FEA).  
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1.2 PROBLEM STATEMENT 
 
Energy industries nowadays face challenge to sustain the source and contribute 
to the society. Nuclear reactor offer the best solution to the unlimited source of energy 
but the design of reactor face some uncertain problems such as structure collapse or 
malfunction component. One component in the nuclear reactor or any other mechanical 
industries are flat plate with or without hole. Flat plate with holes is extensively used in 
mechanical components. The existence of a hole in a flat plate results in a significant 
change in the natural frequencies and mode shapes of the structure. Especially if the 
hole is located eccentrically the vibration behaviour of this structure is expected to 
deviate significantly from that of a plate without or with a concentric hole. For the 
reason this study focus on flat plate with eccentric hole and compare with different size 
of hole and without hole. The purpose of this study to investigated dynamic 
characteristic of flat plate and effect of hole to component analysis.  
 
1.3  PROJECT SCOPES 
 
The scopes are: 
1. Information from previous study will be taken as references 
2. Design and draw a plate with and without hollow. 
3. Use FEA-Algor or FEA-Ansys for analysis dynamic properties. 
4. Find experimental data/result from previous study as parameter. 
5. Perform experimental modal analysis. 
6. Comparative study and validation of result between experimental and 
computational analysis.  
 
1.4  OBJECTIVES 
 
To study the dynamic properties and behavior of plate by using finite element 
analysis and modal testing. 
 
 
 
 
 
CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1 INTRODUCTION 
 
The literature review provides a background to the study being proposed. The 
background may consider previous findings, rationale of the relevant study, 
methodology or research methods, and theoretical background. Most of the literature 
reviews have been extracted from journals and books. 
 
This chapter is based on the initial study on vibration of a flat plate with 
eccentric hole which known is extensively used in mechanical components, especially 
in the nuclear reactor. The dynamic properties and behavior of the flat plate with an 
eccentric hole will be investigated using experimental modal analysis and validation of 
finite element analysis (FEA) using ANSYS. 
 
2.2 MATERIAL 
 
Stainless steel SUS304 with chemical composition: 18.52Cr- 8.34Ni- 0.42Si 
0.89Mn- 0.046C- 0.002P- 0.002S in percent weight and approximately Fe. Stainless 
steel SUS304 is the foundation of the evolution of austenitic stainless steel. Has good 
corrosion resistance, heat resistance, low temperature strength and mechanical 
properties, thermal processing, such as stamps, good bending and non-hardening heat 
treatment (H. Karbasian,2010). ASTM A240M. Chromium and chromium-nickel 
stainless steel plate, sheet and strip for pressure vessels and for general applications. 
ASTM 480M. General requirements for ﬂat rolled stainless and heat-resisting steel 
plate, sheet and strip. 
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2.3 FLAT PLATE 
 
Plat plates are initially ﬂat structural members bounded by two parallel planes, 
called faces, and a cylindrical surface, called an edge or boundary. The generators of the 
cylindrical surface are perpendicular to the plane faces. The distance between the plane 
faces is called the thickness (h) of the plate. It will be assumed that the plate thickness is 
small compared with other characteristic dimensions of the faces (length, width, 
diameter, etc.).  
 
This two-dimensional structural action of plates results in lighter structures, and 
therefore offers numerous economic advantages. The plate, being originally ﬂat, 
develops shear forces, bending and twisting moments to resist transverse loads. Because 
the loads are generally carried in both directions and because the twisting rigidity in 
isotropic plates is quite signiﬁcant, a plate is considerably stiffer than a beam of 
comparable span and thickness. So, thin plates combine light weight and form 
efficiency with high load-carrying capacity, economy, and technological effectiveness.  
 
Because of the distinct advantages discussed above, thin plates are extensively 
used in all ﬁelds of engineering. Plates are used in architectural structures, bridges, 
hydraulic structures, pavements, containers, airplanes, missiles, ships, instruments, and 
machine parts (Fig. 2.0).  Depending on the shape of midplane will distinguish between 
rectangular, circular, elliptic, etc plates. A plate resists transverse loads by means of 
bending, exclusively. The ﬂexural properties of a plate depend greatly upon its 
thickness in comparison with other dimensions (Eduard Ventsel,2001).  
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Figure 2.0: Sample of plates that are used in architectural structures 
 
Source: Eduard Ventsel (2001) 
 
2.4 GENERAL BEHAVIOR OF PLATES 
 
Consider a load-free plate and the fundamental assumptions of the linear, elastic, 
small-deﬂection theory of bending for thin plates may be stated as follows: 
 
1. The material of the plate is elastic, homogeneous, and isotropic. 
2. The plate is initially ﬂat. 
3. The deﬂection (the normal component of the displacement vector) of the 
midplane is small compared with the thickness of the plate. The slope of 
the deﬂected surface is therefore very small and the square of the slope is 
a negligible quantity in comparison with unity. 
4. The straight lines, initially normal to the middle plane before bending, 
remain straight and normal to the middle surface during the deformation, and 
the length of such elements is not altered.  
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5. The stress normal to the middle plane is small compared with the other stress 
components and may be neglected in the stress–strain relations. 
6. Since the displacements of a plate are small, it is assumed that the middle 
surface remains unstrained after bending. 
 
Many of these assumptions, known as Kirchhoff’s hypotheses, are analogous to 
those associated with the simple bending theory of beams. These assumptions result in 
the reduction of a three-dimensional plate problem to a two-dimensional one. 
Consequently, the governing plate equation can be derived in a concise and 
straightforward manner. The plate bending theory based on the above assumptions is 
referred to as the classical or Kirchhoff’s plate theory (Theodor Krauthammer,2001).  
 
2.5 HISTORY OF PLATE THEORY DEVELOPMENT 
 
The ﬁrst impetus to a mathematical statement of plate problems, was probably 
done by Euler, who in 1776 performed a free vibration analysis of plate problems 
(Euler,1766). Chladni, a German physicist, discovered the various modes of free 
vibrations. In experiments on horizontal plates, he used evenly distributed powder, 
which formed regular patterns after induction of vibration. The powder accumulated 
along the nodal lines, where no vertical displacements occurred. J. Bernoulli (1789) 
attempted to justify theoretically the results of these acoustic experiments. Bernoulli’s 
solution was based on the previous work resulting in the Euler–D.Bernoulli’s bending 
beam theory. J. Bernoulli presented a plate as a system of mutually perpendicular strips 
at right angles to one another, each strip regarded as functioning as a beam. But the 
governing differential equation, as distinct from current approaches, did not contain the 
middle term.  
 
The French mathematician Germain (1826) developed a plate differential 
equation that lacked the warping term ; by the way, she was awarded a prize by the 
Parisian Academy in 1816 for this work. Lagrange (1828), being one of the reviewers of 
this work, corrected Germain’s results (1813) by adding the missing term ; thus, he was 
the ﬁrst person to present the general plate equation properly.  
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Cauchy (1828) and Poisson (1829) were ﬁrst to formulate the problem of plate 
bending on the basis of general equations of theory of elasticity. Expanding all the 
characteristic quantities into series in powers of distance from a middle surface, they 
retained only terms of the ﬁrst order of smallness. In such a way they obtained the 
governing differential equation for deﬂections that coincides completely with the well-
known Germain–Lagrange equation. In 1829 Poisson expanded successfully the 
Germain– Lagrange plate equation to the solution of a plate under static loading. In this 
solution, however, the plate ﬂexural rigidity D was set equal to a constant term. Poisson 
also suggested setting up three boundary conditions for any point on a free boundary. 
The boundary conditions derived by Poisson and a question about the number and 
nature of these conditions had been the subject of much controversy and were the 
subject of further investigations.  
 
The ﬁrst satisfactory theory of bending of plates is associated with Navier 
(1823), who considered the plate thickness in the general plate equation as a function of 
rigidity D. He also introduced an ‘‘exact’’ method which transformed the differential 
equation into algebraic expressions by use of Fourier trigonometric series.  
 
In 1850 Kirchhoff (1850) published an important thesis on the theory of thin 
plates. In this thesis, Kirchhoff stated two independent basic assumptions that are now 
widely accepted in the plate-bending theory and are known as ‘‘Kirchhoff’s 
hypotheses.’’ Using these assumptions, Kirchhoff simpliﬁed the energy functional of 
3D elasticity theory for bent plates. By requiring that it be stationary he obtained the 
Germain-Lagrange equation as the Euler equation. He also pointed out that there exist 
only two boundary conditions on a plate edge. Kirchhoff’s other signiﬁcant 
contributions are the discovery of the frequency equation of plates and the introduction 
of virtual displacement methods in the solution of plate problems. Kirchhoff’s theory 
contributed to the physical clarity of the plate bending theory and promoted its 
widespread use in practice. 
 
 Lord et al (1883) provided an additional insight relative to the condition of 
boundary equations by converting twisting moments along the edge of a plate into 
shearing forces. Thus, the edges are subject to only two forces: shear and moment. 
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 Kirchhoff’s book was translated by Clebsh (1883). That translation contains 
numerous valuable comments by de Saint-Venant: the most important being the 
extension of the Kirchhoff’s differential equation of thin plates, which considered, in a 
mathematical correct manner, the combined action of bending and stretching. Saint-
Venant also pointed out that the series proposed by Cauchy and Poissons as a rule, are 
divergent. 
 
The solution of rectangular plates, with two parallel simple supports and the 
other two supports arbitrary, was successfully solved by Levy (1899) in the late 19
th
 
century.  
 
At the end of the 19th and the beginning of the 20th centuries, shipbuilders 
changed their construction methods by replacing wood with structural steel. This 
change in structural materials was extremely fruitful in the development of various plate 
theories. Russian scientists made a signiﬁcant contribution to naval architecture by 
being the ﬁrst to replace the ancient trade traditions with solid mathematical theories. In 
particular, Krylov (1898) and his student Bubnov (1914) contributed extensively to the 
theory of thin plates with ﬂexural and extensional rigidities. Bubnov laid the 
groundwork for the theory of ﬂexible plates and he was the ﬁrst to introduce a modern 
plate classiﬁcation. Bubnov proposed a new method of integration of differential 
equations of elasticity and he composed tables of maximum deﬂections and maximum 
bending moments for plates of various properties. Then, Galerkin developed this 
method and applied it to plate bending analysis. Galerkin collected numerous bending 
problems for plates of arbitrary shape in a monograph (Galerkin,1933).  
 
Timoshenko (1915) made a signiﬁcant contribution to the theory and application 
of plate bending analysis. Among Timoshenko’s numerous important contributions are 
solutions of circular plates considering large deﬂections and the formulation of elastic 
stability problems. Timoshenko and Woinowsky-Krieger (1959) published a 
fundamental monograph that represented a profound analysis of various plate bending 
problems.  
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Extensive studies in the area of plate bending theory and its various applications 
were carried out by such outstanding scientists as Hencky (1921), Huber (1929), von 
Karman (1910), Nadai (1915), Fo¨ppl (1951).  
 
Hencky (1921) made a contribution to the theory of large deformations and the 
general theory of elastic stability of thin plates. Nadai made extensive theoretical and 
experimental investigations associated with a check of the accuracy of Kirchhoff’s plate 
theory. He treated different types of singularities in plates due to a concentrated force 
application, point support effects, etc. The general equations for the large deﬂections of 
very thin plates were simpliﬁed by Fo¨ppl who used the stress function acting in the 
middle plane of the plate. The ﬁnal form of the differential equation of the large-
deﬂection theory, however, was developed by von Karman. He also investigated the 
postbuckling behavior of plates.  
 
Huber, developed an approximate theory of orthotropic plates and solved plates 
subjected to nonsymmetrical distributed loads and edge moments. The bases of the 
general theory of anisotropic plates were developed by Gehring (1877) and Boussinesq 
(1879). Lekhnitskii (1968) made an essential contribution to the development of the 
theory and application of anisotropic linear and nonlinear plate analysis. He also 
developed the method of complex variables as applied to the analysis of anisotropic 
plates.  
 
The development of the modern aircraft industry provided another strong 
impetus toward more rigorous analytical investigations of plate problems. Plates 
subjected to in-plane forces, post buckling behavior, and vibration problems (ﬂutter), 
stiffened plates, etc., were analyzed by various scientists and engineers. 
 
 E. Reissner (1945) developed a rigorous plate theory which considers the 
deformations caused by the transverse shear forces. In the former Soviet Union the 
works of Volmir (1956) and Panov (1941) were devoted mostly to solution of nonlinear 
plate bending problems.  
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The governing equation for a thin rectangular plate subjected to direct 
compressive forces Nx was ﬁrst derived by Navier (1823). The buckling problem for a 
simply supported plate subjected to the direct, constant compressive forces acting in one 
and two directions was ﬁrst solved by Bryan (1981) using the energy method. Cox 
(1933),Hartmann (1933), etc., presented solutions of various buckling problems for thin 
rectangular plates in compression, while Dinnik (1911), Nadai (1915), Meissner (1933), 
etc., completed the buckling problem for circular compressed plates. An effect of the 
direct shear forces on the buckling of a rectangular simply supported plate was ﬁrst 
studied by Southwell et al (1924). The buckling behavior of a rectangular plate under 
nonuniform direct compressive forces was studied by Timoshenko et al (1961) and 
Bubnov (1914). The postbuckling behavior of plates of various shapes was analyzed by 
Karman et al. (1952), Levy (1942), Marguerre (1937), etc. A comprehensive analysis of 
linear and nonlinear buckling problems for thin plates of various shapes under various 
types of loads, as well as a considerable presentation of available results for critical 
forces and buckling modes, which can be used in engineering design, were presented by 
Timoshenko et al. (1961), Gerard et al. (1957), Volmir (1963), Cox (1963).  
 
A differential equation of motion of thin plates may be obtained by applying 
either the D’Alambert principle or work formulation based on the conservation of 
energy. The ﬁrst exact solution of the free vibration problem for rectangular plates, 
whose two opposite sides are simply supported, was achieved by Voight (1893). Ritz 
(1909) used the problem of free vibration of a rectangular plate with free edges to 
demonstrate his famous method for extending the Rayleigh principle for obtaining 
upper bounds on vibration frequencies. Poisson (1829) analyzed the free vibration 
equation for circular plates. The monographs by Timoshenko et al.(1963), Den Hartog 
(1958), Thompson (1973), contain a comprehensive analysis and design considerations 
of free and forced vibrations of plates of various shapes. A reference book by Leissa 
(1969) presents a considerable set of available results for the frequencies and mode 
shapes of free vibrations of plates could be provided for the design and for a researcher 
in the ﬁeld of plate vibrations. 
 
 The recent trend in the development of plate theories is characterized by a 
heavy reliance on modern high-speed computers and the development of the most 
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complete computer-oriented numerical methods, as well as by introduction of more 
rigorous theories with regard to various physical effects and types of loading.  
 
The above summary is a very brief survey of the historical background of the 
plate bending theory and its application. 
 
2.6 STRUCTURE ANALYSIS OF FLAT PLATE 
 
The dynamic response of a flat plate with eccentric hole will be significantly 
different from that of a flat plate with a concentric hole or without hole. In general, most 
research has focused analytically or experimentally on vibration analysis of circular 
plate with a concentric hole (Myung et al, 2008). However, for engineering 
applications, many mechanical components can be modeled as rectangular flat plate 
with an eccentric hole. Several analytical and experimental studies that deal with the 
response of flat plates can be found in the literature. Only outline those studies which 
are directly related to the present work. 
 
 It is noted that among a number of pioneering researchers Balas (1978) laid the 
foundation for the vibration control of flexible structural systems using a fully active 
control method. The aforementioned studies mainly focused on time-domain vibration 
control. Time-domain active control methods have many advantages, such as excellent 
adaptability and wide application scope, but the limitations of these methods should also 
be considered.  
 
Lindholm et al (1965)
 
carried out an extensive experimental study of the 
response of cantilever plates in the air and in water. The plates with different aspect 
ratios, chord ratios and thicknesses were vertically-placed or tilted. The results were 
compared with theoretical predictions based on thin-plate theory. An empirical 
correction factor was introduced to achieve good theoretical and experimental 
correlation. The free surface and partial submergence effects were also investigated. It 
was concluded that: (i) natural frequencies of the plate decreased and node lines of 
mode shapes shifted when it was submerged in fluid; (ii) the added mass factor changed 
